Transurethral resection syndrome (TURS), complicating transurethral resection of the prostate (TURP) has been ascribed to hyponatraemia but reports have indicated that hyperammonaemia following metabolism of glycine can be the main cause.
Summary
Transurethral resection syndrome (TURS), complicating transurethral resection of the prostate (TURP) has been ascribed to hyponatraemia but reports have indicated that hyperammonaemia following metabolism of glycine can be the main cause.
Prospective data has been collected on 96 prostatectomy patients (82 TURP and 14 retropubic). The retropubic group showed no significant postoperative change in the serum sodium or plasma ammonia. Of the TURP group, no TURS occurred although hyponatraemia was noted in 32 patients. The weight of prostate resected, the volume of glycine used, the time taken and the plasma ammonia levels were not significantly different in the normonatraemic or hyponatraemic groups.
In severely hyponatraemic patients (13 out of 32 with a 10 mmol/l, or greater, decrease in serum sodium) there was a significant rise (P< 0.05) in plasma ammonia, 1 or 4 h post TURP, which had decreased by 24 h.
There was a highly significant increase in serum glycine level in the hyponatraemic compared with the normonatraemic group (P< 0.001).
There was no correlation between serum glycine and plasma ammonia levels in the normonatraemic or hyponatraemic group.
There were nine patients with post TURP plasma ammonia levels > 100 J.'mol/l (mean 254) who experienced no mental confusion: six of these patients were hyponatraemic. The weight of prostrate resected (mean 26 g), volume of glycine used (mean 181) and operation time (mean 39 min) were all relatively low.
Subsequently, TURS has occurred in a patient, with severe hyponatraemia and hyperglycinaemia but no hyperammonaemia. This study shows that hyperammonaemia does not always correlate with hyponatraemia or hyperglycinaemia, and high plasma ammonia levels can occur in the absence of TURS.
Introduction
Transurethral resection of the prostate (TURP) is virtually always performed by a diathermy loop accompanied by irrigation with an isotonic nonelectrolyte solution, usually glycine. Absorption of some irrigation fluid always occurs during TURP but a severe dilutional effect producing an hypoelectrolyte and hypoproteinaemic state leading to cerebral and pulmonary oedema, often called TUR syndrome (TURS)is uncommon. However, recent reports have indicated that TURS is mainly due to the hyperammonaemial", which can occur due to the catabolism of absorbed glycine.
Sufficient prospective data was collected on 96 prostatectomy patients (82 TURP and 14 retropubic) in order to study the metabolic effects of the operation.
In the text, the following terms are defined: (1) normonatraemia -no change in serum sodium, or a decrease of < 5 mmol/l, (2) hyponatraemia -decrease in serum sodium of >5mmol/l. (3) severe hyponatraemia -a subgroup of (2) with a decrease of > 10 mmol/l.
Methods
Blood samples were taken in theatre preoperatively and at 1, 4 and 24 h postoperatively for sodium, osmolality, glycine and ammonia. Apart from ammonia, where blood samples were lithium heparin treated and transported to the laboratory on ice, all other samples were collected without preservative or anticoagulant. All blood samples were analysed on the same day apart from serum glycines, where samples were frozen (-20°C) until a suitable batch size had accumulated. Plasma for ammonia analysis was frozen (-20°C) immediately after centrifugation and where possible analysed within 2-6 h. The assay of sodium, was performed with a Technicon SMAC·l (Technicon Instruments Corp., Tarrytown, NY 10591, USA) and osmolality was measured using a Wescor Osmometer (supplied by ChemLab Instruments Ltd, Hornchurch RMll 3XJ). Ammonia was assayed using an enzymatic kit method (Sigma Diagnostics, St Louis, MO 63178, USA) modified for use in a Technicon RA·1000 analyser and glycine levels were estimated using an 'in-house' thin-layer chromatography procedure.
In each patient the lowest post-prostatectomy levels of serum sodium and osmolality and the highest levels of glycine and ammonia at 1 and 4 h were used for data analysis.
Results

Retropubic prostatectomy
The 14 patients in this group showed no significant postoperative change in the serum sodium (mean pre, and postoperative level was 139 mmolll)or the plasma ammonia (mean preoperative level, 44 J.'mol/l, range 15-75, s.d. 38; mean postoperative level 66 J.'mol/l, range 14-165 J.'mol/l, s.d. 38).
Transurethral prostatectomy
None of the 82 patients in this group developed TURS although postoperative hyponatraemia was noted in 32 patients. The weight of prostate resected, the volume of glycine used, and the time taken for the operation were not significantly different in the normonatraemic or hyponatraemic groups (Table 1) . 
In the severely hyponatraemic subgroup there was a significant rise in the plasma ammonia Table 3 .
Comparison ofserum glycine levels in the normonatraemic and hyponatraemic groups
There was a highly significant increase in the serum glycine levels in the hyponatraemic compared with the normonatraemic group
Of these 32 patients, 13 had severe hyponatraemia and this group of patients showed a significant rise in the plasma ammonia levels postoperatively ( Table 2) . There was a highly significant increase in the serum glycine levels in the hyponatraemic compared with the normonatraemic group (Table 3) .
There was poor correlation between serum glycine and the volume of glycine used in either the normonatraemic, hyponatraemic or severely hyponatraemic groups (r=0.127, 0.251, and 0.404, respectively).
There was no significant correlation between serum glycine and plasma ammonia levels in the normonatraemic or the severely hyponatraemic subgroups (r=0.243 and 0.344, respectively). Nine patients had postoperative hyperammonaemia (range 100-824 ILmol/1) but none developed TUR8. The mean weights of prostate resected (26 g), the volume of glycine used (181)and the operation time (39min) were all relatively low. Subsequent to this study TURS has occurred in a patient (case 2, Figure 1) . The subject was a 75-year-oldman who under general anaesthetic, using an irrigating resectoscope, had 50 g of malignant prostate resected in 45 min using 32 I of glycine. Extraperitoneal extravasation was treated, under the same general anaesthetic, with suprapubic drainage. Encephalopathy without seizures occurred a few hours postoperatively. Figure 1 shows a dramatic drop in serum sodium and osmolality and a concomitant rise in serum glycine but a negligible increase in plasma ammonia. The patient was treated with hyperosmolar saline, high dose intravenous frusemide and nothing by mouth with good effect but it took 28 h for the serum sodium to return to a reasonable level by which time he was fully conscious. Case 2 is compared and contrasted in Figure 1 with a patient who did not develop TURS (case 1): this patient aged 75 years had only 18 g of prostate resected in 26 min using 10 I of glycine. No extravasation or TURS occurred but there was a significant drop in serum sodium and osmolality, with a marked rise in glycine and ammonia.
Discussion
This study has shown that resections taking a long time do not result in a greater amount of glycine absorption when compared to quicker procedures (Table  1) .Possibly the reason is that veins and capsule can be exposed early in the resection with the small prostate, leading to significant glycine absorption. These findings do not support the generally held belief that long extended resections are more likely to develop TIJRS4.
In common with other studies hyponatraemia was due to the dilutional effect of the absorbed glycine.
In Reye's syndrome, an uncommon encephalopathy of childhood, hyperammonaemia causes cerebral oedema and the permanent brain damage that can There is also a lag of up to 8 h before nitrogen appears in the urine as urea when labelled glycine is fed", The fact that the highest serum glycine level post TURP occurs at 1 h and has declined markedly by 4 h (case 1) must indicate that the initial drop is due to urinary excretion.
Defective glycine metabolism has been shown in a number of patients with non ketotic hyperglycinaemia" including one who also had hyperammonaemia'', A subclinical situation could exist in some patients undergoing TURP producing similar metabolic problems associated with a huge intravascular dose of glycine. The aetiology of TURS (Figure 3) suggests the cause could be multifactorial. Acute hyperglycinaemia itself may produce encephalopathy", Hyponatraemia and hypoproteinaemia produce a low osmotic pressure in the extracellular fluid (ECF) which can cause cerebral oedema and encephalopathy. Exacerbation of the low osmotic pressure occurs with intravenous dextrose and excessive water drinking. The low osmotic pressure, hypotension and also vomiting can stimulate ADH secretion causing further dilution of the ECFlo. Glycine catabolism in the liver may be impaired due to a relative urea cycle enzyme deficiency. The large intravascular dose of glycine may be partly catabolized producing hyperammonaemia and further exacerbating the cerebral oedemas. ensue is due to reduced cerebral perfusion pressure and not an intracellular cytotoxic process", It has been established that for a diagnosis of encephalopathy in this childhood syndrome, the plasma ammonia should be at least three times normal levels. In a case ofhyperammonaemia following TURP_described by Ryder et al. 2 , encephalopathy occurred within an hour with a maximum plasma ammonia level of 848 Jilllol/i. It was implied that hyperammonaemia rather than hyponatraemia was the cause of the TUR8. No encephalopathy occurred in case 1 and the plasma ammonia was similar to Ryder's case being 25 times the preoperative level. Hyperammonaemia was also noted in a further eight cases in our TURP study (mean postoperative plasma ammonia level 254 Itmol/l) and in none of these nine hyperammonaemia patients did TURS develop. Encephalopathy occurred in case 2 associated with marked hyponatraemia but normal plasma ammonia levels. Hyperammonaemia is absent following RPP and must therefore be secondary to glycine absorption. Glycine is a non-essential amino acid which is catabolized to pyruvate by way of serine. Further catabolism leads to the formation of ammonium ions, conversion to urea and finally excretion in the urine. Large quantities of glycine can be absorbed into the circulation as demonstrated by case 1 without hyperammonaemia. In the cases where postoperative plasma ammonia levels were greater than three times normal (mean plasma ammonia 536 Itmol/l)the mean serum glycine was 6896 Itmolll (normal < 133), suggesting impaired conversion of ammonium ions to urea. There were many cases ofacute hyperglycinaemia postoperatively with no significant rise in plasma ammonia and no significant decrease in serum sodium. The acute hyperglycinaemia in these cases was transient, the serum levels falling markedly by 4 h and virtually normal at 24 h (case 3, Figure 2 ).
There is a possibility that acute hyperglycinaemia may itself be a cause of encephalopathy. Non-ketotic hyperglycinaemia is an inborn error of metabolism in which large amounts of glycine are found in body fluids. This condition is a very rare metabolic cause of overwhelming illness in the first year of life" and is associated with intractable seizures.
In the non-surgical normal person 4% of glycine is excreted in the urine therefore a lack of diuresis in the post TURP patient possibly secondary to Prophylaxis for TURS would be to use the correct irrigating system to reduce glycine absorption!'; monitor the peripheral vein sodium with a selective electrode's and possibly give routine parenteral frusemide to prevent inappropriate ADH excretion!", No intravenous glucose should be given and excessive water drinking discouraged thereby preventing further intravascular dilution.
Patients with liver disease or metabolic acidosis should not have TURP with glycine>' because of reduced catabolism of glycine in the liver and renal generation of ammonia which can occur in the latter. Proteus bacilli in the urine secrete the enzyme urease which splits urea to form ammonia and therefore this infection should be eliminated before TURpI5,16.
